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® Inorganic oxide aerogel microbeads of narrow para diameter distribution and the method for their 
preparation. 

® Mlaobeads of aerogels of one or more oxides 
are characterised by a high porosity and the fact that 
at iGast 90% of the pores prssent have a diameter 
lying within a very narrow range. The surface area 
exceeds 300 m^/g and more iraquantly exceeds 500 
m^/g, the total pore voiurne ewoeeding 1 mt/g. 
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This in'/8niion relates ta microbeads of 
aerogels of one or more inorganic oxides charac- 
terised by low density, high porosity and a narrow 
pore diameter distribution, the microbeads being 
particularly suitable for use as supports for cata- 
lysts tor the potymerization of olefinically unsatu- 



U.S. pal8(U 4.246.137 UwsCTibes a method tor 
preparing silicazirconia xsrogeis by reacting a zir- 
conium compound with an allcafine metal sllcate, 
ageirtg tlia hydrogel obtained, washing and linaJIy 
drying. The product obtained in this mariner has a 
total pore volume of betv/een 1.5 and 3.5 mi/g. a 



preparing the microbeads. Inorganic oxide 
aerogeiSt especially of motai oxidQa. are well 
known in the state of thd art in relation to a good 
number of appBcations. For ed^npte they can be 
used 83 catalysts, catalyst supports, adsorption 
means, chromatographic column packing, pig- 
ments, opactfiers, siDrasives and for other pur- 
poses. Examples of their use as catalysts or cata- 
lyst supports are given in U.S. patent 3.673,111 
(preparation of phosphoric acids) and in the article 
In "Journal of Molecular Cataiysis", Vol. 17, 219- 
223 (1983) (radium catalyst support in the prepara- 
tion of oiefins from CO and Hz). They are also 
used as catalyst supports in the preparation of 
phthallc anhydrtde and the decomposition of hy- 
drogen peroxide. 

Normally the known powders, and particularly 
those used as catalyst supports, consist of in- 
organic oxides obtained by predpitBting hydroxides 
from aqueous solutions of the conresponding ca- 
tions, followed by caidning. 

Powders obtained in this manner generally 
have a very low specific surface and porosity, the 
spherical partictes do not always possess suitable 
mechanical properties, and their particte size dis- 
tribution is very wide, which sometimes discour- 
ages their use for the Intended application. In this 
respect it is rot Infrequently the case that catalytic 
systems obtained using such powders do not en- 
able tho nxiulred reactions to be conducted with 
good productivity, which means that increasing 
catalyst quantities have to be used, requiring sub- 
sequent costly wash processes for the catalyst 
residues. 

Various methods of preparing aerogele ore 
Known, Independently of ttieir final use. 

For example the article in "Advances fn Coloid 
and intertaoe Sctence'. 5 (1976) 245-273 describes 
a general method for preparing SiOs. AisOs, MgO 
and other aerogels by hydrolysis and polyconden- 
sation of the alcoholate of tie metal concerned, 
followed by drying under supercritical conditions. 
However with this method it Is not possible to 
control the size distribution of the spherical par- 
ticles and maintain a large percentage within a 
nanrow pore cfiameter range. 

European patent 213.987 relates to catalyst 
supports in the form of spherokjal siGca particles 
obtained by granufatino an SiOa hydrosol wHh an 
SiOi aerogel and drying. The surface area of the 
product obtained never exceeds dOO rr^/Q, 
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pore diameter range of 200^00 A. 

The present applicant has found tt possible to 
isolate mtensbeads of inorganic oxkie aerogels 
which as such can be used as catalysts or catalyst 
supports, or for other uses In accordance with the 
teachings of the known ert the microbeads t^ing 
characterised by low density, higji porosity and a 
narnow pore diameter distribution, within any de- 
sired range o( values. 

A first aspect of tho present inventton is there- 
fore a powder consisting of rrvcrobeads of aerogels 
of ore or more inorganic oxides and cSstinguished 
by a surface area exceeding 300 m^^g. and in 
psftiajlar exceeding 500 m^/g. a total poro volume 
axcesding 1 ml'g, and a narrow pore distribution, 
by which is meant that at least 90% of the porBS 
present in said microbeads have sutsstantially the 
same diameter or a diameter lying witiin a range 
having a width never exceeding 50 A. said diam- 
eter being between 50 and 1000 A. 

A further aspect of the present invention Is the 
process for preparing said nrticfobeads. the process 
comprising essentially the following operadons: 

- hydrolyzing one or more derivatives of the 
metals of interest; 

- transforming the colloidal solution into 
droplets of the desired diameter. 

- sol/gel passage: 
" washing tho gel; 

- drying under tiypercritical conditions. 
Specifica8y, the process for preparing micro- 
beads according to the present invention com- 
prises the following basic operations: 

a) preparing a colbldal solutton (sol) of an oxide 
of e metai of interest or of a mixture of chides 
by hydrolyzing an allcoxide or a mixture of atox- 
ides in the presence of a catalyst and a sub- 
stance whteh favours the formation of pores of 
desired unifonm dimensions in the gel particles 
obtained as stated under c); one or more aOfOx- 
idss can be replaced by the relative halklos; 

b) trarsfonrning the colksldal solution obtained 
into droplets of the desired diameter, and dis- 
persing them in a medium immlscit>le with the 
sol; 

c) translisnming the sol dbroplets kito gel par- 
ticles; 

d) washing the gel particles with a suitable sol- 
vent 

6) drytng under hypercritical conditions. 
Tho powder obtained can be finally calctned to 
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eliminate any organic substances still present or to 
give the powder particular charactertsitcs. 

The colloidal solution in accordance with a) Is 
prepared by mtxtng at least one atkoxlde with wa- 
ter. This is not misctbld with the alkoxtdd whereas 
the hydrolysis products aro mlsclbla wtth water, 
which accourrts for the clarity of the solution on 
complstton of the alkoxide hydrolysis . 

Alkoxides of metais pertaining to one at Group 
il to Group VI or to Group VII 6 or Group VIII of the 
Periodic Table of Bements can be used for prapar* 
ing the sol of interest. The use of Al, SI, Ti, B, L^, 
Zr, Cr. Sn and Mg alk0)ddes Is partlcUarty Impor- 
tant. As stated, powders can be prepared with a 
single oxide or wHh mixed a)ddes, in which cas$ 
the hydrolysis of point a) is carried out on a suit- 
able mbcture o1 aUcoxtdes or a mixture o1 alkoxides 
and chlorides. 

The hydrolysis is conducted in the presence of 
a catalyst consisting of an acid, a base or an 
inorganic salt The hydrolysis kinetics, the particle 
size end ti^e pore diameter can be controlled by 
suitably adiusting the water>^lcoxjde ratio, the pH 
and^r the temperature of the system. H preparing 
an 0)dd8 mixture the second component can be 
added as a salt (preferably chloride) to the alkoxide 
of the first component already partially hydroly^. 
In this manner a polycondeneation product is ob- 
tained in which the two metals are uniformly dis- 
persed and connected together by oxygen bddges. 

The charactertstics of the colk)klal solution fo^ 
lowing hydrolysis and partial polycondensation of 
the alkoxide can be further controlled by removing 
part of the solvent consisting of the excess water 
and the fonneU alcotid. for example by tow tem- 
perature evaporatioa 

Modilicaiians can also be made by addng 
substances able to ooordnate with the polymer, 
such as glycots, dimethytformamide or organic ec- 
idSL In adcfition to rfmethyifonnamlde. ethylene gly^ 
cot and oxalte odd are of interest 

It Is ttterefore apparent fnxn the aforegoing tfiat 
the sol polymer conoentratkin and the modifying 
agent concefttratkxi can be varied, wtth coruequerrt 
variation within narrow Ibnits of the mean pore 
diameter, the total pore volume, and the surface 
area of the gel and aerogel which are obtained 
folk)wing the sol treatment and the subsequent 
drying and colcinhtg. 

The colk](dal solutkin prepared in accordance 
with a) is then transformed ^to sol droplets of the 
desired siza Operation b) can conducted by 
conventional methods, bcludng mechanical stirring 
or spraying. 

If mechanical stirrfng is to be used, the sol is 
added to an organk: solvent with which it Is Immia- 
cible. The mixture Is stirred until an emulsion is 
obtained, this being facilitated by addng a surfac- 



tant. During this step it is still possible to control 
the mean diameter of the sol droplets dispersed tn 
the solvent such tt^ their diameters are contained 
wlthfiri a sufficiently restricted range, by for exam- 

5 pte varying the type of solvent and surfactant, 
varying the retio of colkxlial solution volume to 
solvent volume, varying the type and concentration 
of the surfactant or varying the rotation speed of 
the stlnrer. TTie mechanical sttrrlng method Is par- 

)0 ticularty suitable where droplets of up to tOO um 
diameter are required, whereas droplets of diam- 
eter up to ICXX) fxm are more easily prepared t>y 
spraying, for example by injecting the sol diractly 
Into a sotvem stream. The sol droplets produced 

16 by one of these methods are then transfomned into 
gel microbeads. This transformation can happen 
directly as the Hnal result of the p3lyoondensatcn 
reactk»i, or can he suitably accelerated by extract- 
ing a part of the solvent or by exhfacting anions. 

so Extraction of part of the water from the sol droplets 
is achieved using an anhydrous solvent in which 
the water can partially dissolve. For example a high 
molecular weight alcohol can be used. 

The ankins present in the sol droplets can be 

2S extracted by adding to the solvent a predetermined 
quantity of a liquid anion exchar^r such as an 
aliphatic amine. 

The raason for washing the gel particles is to 
remove the surfactant ard/of ttie arion exchanger 

30 present and, if appropriate, to replace the solvent 
used for sol dispersion by a chemical compound of 
tow critical temperature and pressure. 

During the drying stage under hypercritical 
conditions, the media mostly used are methyl al* 

38 cohoL ethyl alcohol and carbon dioxide. Tor their 
drying under hypercritical conditions the gel par- 
tides are placed in a pnessire vessel together wHh 
the solvent In a sufficient quantity to cover them 
completely. An Inert gae is then fied into the pres- 
to sure vessel at a pressure such as to prevent the 
solvent boiling while being heated to its critical 
temperatura. During the healing of the pressure 
vessel the pressure Increases and oxcoode tho 
critical pressure of the sclent Having exceeded 

49 the critical pressure and temperature of the soN^nt 
the temperBture is maintained constant and the 
preeeure is sk>wty reduced to atmospheric pres- 
sure. At this point the pressure vessel heating 
furnace can be turned off and the pressure vessel 

50 altowed to cool natui^ly tQ ambient temperature. 
The treatment of the gel particles at high tempera- 
ture arxJ pressure can modify their strucUiB and 
chemical composition, to cause for example the 
precipitation of one component or Its trarstonnatton 

5S from annorphous to cryetalllno. if for example a gel 
has boon ot}talned consisting of an inorganic poly- 
mer fonned from ^iicon and titanium atoms with 
oxygen atoms between, the drying at high tern- 
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perature and pressure can cause ttis titanium oxide 
to cfissoive and be precipitated in the form of 
anatasa. Tlie mixed si Scon aid titanium oxide sup- 
port is then dtshomogeneous. consisting of a silica 
matrix containing islands of crystalline trtanium ox- 
ide <anatase). To prevent this, the sotvent contain - 
tng the get particles Is replaced at ambient tem- 
perature by liquid carbon dioxide In a pressure 
vessel. When this replacement has been effected, 
the pressure vessel temperature is raised to above 
the critical temperatu-e of carbon dioxide (32* C). 
At this point tiie pressure also exceeds the critical 
prossura of CO2 (73 bars), and the pressure can 
therefore be reduced while maintaining the tem- 
perature conaiant as already described. The silica- 
titaniunn oxide ge< particles obtained in this manner 
are perfiectly homogeneous and amorphous. 

The aenDgel particles are then cadctned to re- 
move ail traces of organic compound still present 
and to provide the necessary chemical and me- 
chanical stabiGty to allow thejr easy use as a cata- 
lyst support. 

The aerogel partictes are perfectty spherical in 
shape with a size of between 10 and 1000 urn and 
a dispera'on noft exceeding 20%. Their porosity 
(total pore voiume) and surface area depend on the 
mean diameter of the pores present 

This diameter can vary within a wide range, of 
between 50 and 1000 A, but at least 90% of the 
mtaobeads have the same diameter, or a diameter 
h/ing within a very nanrow range (For example 100- 
150 A; 20-30 A). 

As stated, the sirface area depends on the 
pore diameter, to which it is inversely proportional, 
but in all cases it is very high, exceeding 200 rr?fg, 
and in particular exceeding 500 m^g. 

The characteristics and preparation of the 
aerogels according to the pnssent invention will be 
more apparent on reading the fotlcwino illustrative 
examples, which however are in no way I0 be 
considered limitative of the inventloa 

EXAMPl£1 

100 ml ot TH>S ftetraethylorthosilicate) are 
added to 100 mi of aoi N HCI and subjected to 
vigorous mechanlcat stinring at ambiertt tempera- 
ture. 

After about 30 minutes a perfectly dear colloidal 
solution (sol) is obtained. 

The pH of this solution is increased from 2.4 to 5 
by adding 0.1 N NH4OH dropwise. 

100 ml of the colloidal solution obtained as 
described are poured Into a mixture consisting of 
400 ml of 1,1,1-trlchloroethane, 200 ml of n-hexane 
and 5 g of SPAN 20, and stirred mechanically. An 
emulsion Is obtained consisting of small sol 
dropiets which after about 30 minutes are trans- 



formed into spherical gel panicfes. 

Stimng is intsnruptsd and the gel particles 
which collect on the bottom of ttie container are 
washed three times with 1Q0 ml of ethyl alcohol 
5 decanling each time. The gsl panicles are Anally 
covered with ethyl alcohol and placed in a pressure 
vessel. 

Nitrogen is fed Into the pressure vessel to a 
pressure of 60 bars, after wtiich the temperature 

70 ftie pressure vessel Is raised from ambient to 
300* C. The pressure vessel pressure tnoeases to 
110 bars by the effect of the heating. After about 
one hour the pressure in the pressure vessel is 
gradually reduced (50 bar/hour) to atmospheric 

Ts pressure and the pressure vessel is cooled. 

A powder Is obtained consisting of spherical 
SiOs partides having a diameter of between SO 
and 90 am a surface area (BET) of 890 m^'g. and 
a pore voiume of 1.55 ml/g. 90% of the pores 

z> present in the particles have a diameter of tietween 
46 and 60 A. 

EXAIVIPLE2 

25 100 ml ol TEOS (tetraetfiyionhosillcatQ) are 
added to 100 ml of 0.01 N HCI and subjected to 
vigorous mechanical sturing at ambient tempera- 
ture. 

After about 30 minutes a perfectty clear coffoldal 
30 solution (sol) is obtained. 

This solution is distilled under vacuum at 30 ' C to 
reduce its volume from 200 ml to 150 ml. 

100 mi of the concentrated sol solution oi> 
tained as described are poured into a mixture corv- 

39 sisting of 400 ml of 1,t ,1-trichloroethane. 200 ml of 
n-hexane aixl 5 g of SPAN 20. and stirred me- 
chanically. 

5 ml of Prfmene JMT diluted in 50 ml uf ri- 
hexane are added dropwise to the emulsion thus 

40 obtained. The emulsion is kepi slirroig (or 30 rnirt- 
utes. The gel particles obtained are washed with 
ethyl alcohol and dried in a pressure vessel under 
hypercritical conditions as described Example 1. 

A powder is obtained consis&ig of spherical 
45 S\Ot particles having a diameter of between 90 
and 100 am. a surface area of 296 mVg. and a 
total pore volume of 1.97 ml/g. 95% of the pores 
present In the particles have a diameter of t)etween 
100 and 150 A. 

so 

£XAIi/IPLE3 

100 ml of TEOS (tetraethylorthostlicate) are 
added to 100 ml of 0.01 N HCI and subjectod to 
55 vigonsus mechanical stirring at ambient temperar 
ture. 

Alter about 30 minutes a perfectty dear coHotdal 
sobJtion (sol) is obtained. 



31394151 109000 



04-16-98 07:52AM POOS »15 



7 



EP 0 454 239 A2 



8 



This solution is distilled under vacuum at 30* C to 
reduce its volume from 200 ml to IQO mt. 

This latter quantity is poured into a mbrture 
consisting of 400 ml of 1,1,1-trtchtoroethane, 200 
ml of n-hexane and 5 g of SPAN 20, and stirred 
mechanically. 

5 ml of Prtmene JMT diluted in 50 ml of rv 
hexane are added dropwise to ttie emulsion thus 
obtained. The emulsion is kept stlnlng for 30 mlr>- 
utes. The gel particles obtained are washed with 
ethyl alcohol and dried In a pressure vessel under 
hypercriticaj conditions as desalbed tn Example 1. 

A powder is obtained consisting of spherical 
SI02 particles having a diameter of between 100 
and 120 urn. a surface area of 88 nrrVg. and a total 
pore volume of 1.05 ml/g. 90% of the pores 
present in the particles have a diameter of between 
20 and 30 k. 

EXAMPLE 4 

A colloidal silica solution \s prepared in the 
manner described in Example 1. 

This solutBon is led by a pump into tine central 
capillary bulb of a two-fiuid sprayer. The second 
fluid oonsista of an anhydrous decanoi solution 
containing 1% by weight of SPAN 80. TTie sol and 
decanoi flow rates are adjusted to obtain sol 
droplets of 200 um diameter which fail Into a 
vertical glass column of 1500 mm height contakiing 
decanoi 

Dirfng titeir decantation tiie anhydrous decanoi 
extracts sufficient water from the particles to ItBns- 
fonn them into gel. Spherical siGca gel particles 
thus collect (XI the bottom of thto glass column. 

The gel particles obtained are covered with 
ethyl alcohd and dried in a pressure vessel under 
hypercritical cfviditions as described in Example 1. 

A powder is obtained consisting of spherical 
Si02 particles havinQ a diameter between 200 
and 250 tim a surface area of 350 nrr'/g, and a total 
pore volume of 2i)5 ml/g- 93% of the pores 
present in the particles have a diameter of between 
100 and 150 A. 

109^ ml of TEOS (tetraethylorthosilicate), 
equivalent to 0.40 moles of GiOs, are added to 50 
ml of etiiyl alcohol and 8 mt of 0.01 N HO and 
maintained at 50'C under mechanical stining for 
30 minutes. 22Z ml of titanium isopropyiate. equiv- 
alent to 0.0075 moles of TIOs, diluted In 20 ml of 
ethyl alcohol are then added. After 30 minutes the 
colloidal solution obtained is cooled to 15*C and 
36 ml of ^01 N HCi diluted tn 50 ml of etfiyl 
alcohol arc added dropwise. The cotloldal solution 
of SI02-l.5%T102 obtained Is Kept stlnlng for one 



hour and is then distilled under vacuum at 30' C to 
reduce Its volume to (20 ml. 

30 ml of the colloidal solution obtained as 
de9cr1t)ed are poured under mechanical stlnrtng 
5 into 100 ml of decanoi containing 2jB g of SPAN 

8a 

While nraintalning stinrlng. 5 ml of Primene 
JI^T diluted in 50 ml of decanoi are added drop- 
wlsa When the Primene JMT addition Is complete 

to the sol droplets are transformed Into gel particles, 
which collect on tiie bottom of the container. 

The gel particles obtained are washed three 
times wHh 50 ml of acetone and are then placed in 
a pressure vessel. Uquid carbon dioxide is then fed 

ts inti3 tfie pressure vessel and mixes with the ac- 
etone present. A number of washes with liquid COa 
are carried out until the carbon dioxide leaving the 
prcssuro vessel no longer corrtains acetone. At Mg 
point tfie pressure vessel lemperattre is raised to 

«o 40*0 witii conseqLent pressure increase to 80 
bars. After about 30 minutes the pressure in the 
pressure vessel Is reduced to atmoepheric pre^ 
sura 

Spherical particles of SiOz-l .5%Ti02 aerogel 
25 are obtained. X-ray spectrometry shows tiiat their 
structure is amorphous. The particfe diameter is 
between 150 and 200 tun, the surtee area ts 920 
m^^, and tie total pore volume is 2J5 ml/g. 90% of 
the pores have a diameter of between 50 and 80 A. 

30 

DCAMPl£8 

* 109.8 ml of TEOS (tetracthylortiwsilcate), 
equtvalent to 0.49 moles of 9O3. are added to 50 

39 ml of ettiyl alcohol and 9 ml of 0.01 N HCi and 
maintained at 50*0 under mechanical stirring for 
30 minutes. 0.82 ml of T1CU, equivalent to 0.0075 
moles of TiO?. are then added. After 30 minutes 
tite obtained sotution is cooled to 1$*C end 36 ml 

40 of water diluted in 50 ml of alcohol are added 
dropwise. The colloldai solution of 8l02-1^%Ti02 
obtained is kept stirring for one hour arKt la then 
distfllod undor vacuum at 30* C bo reduce its vol- 
ume to 120 mL The sot dlspersicHi. the gelling into 

4B sphericai gel particles end tiieir drying are effected 
as descr1t)ed in Example 5. 

The aerogel particles obtained have the same 
characteristics as those descrft)ed in Example 5. 

so Claime 

1. IVQcrobeads of aerogels of one or nnone ooddes 
of metals of Groups II to VI. VIIB and VIII of the 
Periodic Table and characterised by a surface 
S5 area exceeding 300 mVg. a total pore volume 
exceeding 1 ml/g, and tfie fact tiiat at least 
90% of tiie pores present haue a diameter 
lying within a very narrow range, the difference 
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bet'jveen the maximum and minimum of Ihis 
range never exceeding 50 A. 

Aerogel micrabeads as claamed In tfie preced- 
ing claim, wherein tlie oxide metal is prefer- s 
ably chosen as one or more from AJ. Si. Ti. 8. 
La, Zr. Cr. Sn and Mg. 



is acwrnpaiiiwd by the removal of part of the 
solvent. 

1Z A process for preparing aerogels of one or 
more metal oxides as claimed in the preceding 
claim, wherein ttie solvent is removed by evap- 
oration at low temperature. 



3l Aarogei microbeads as claimed in the preced- 
ing claims, wherein the oxide is SIOs. lo 

4^ Aerogel microbeads as claimed in claim 2« 
wherein the oxide is an SiOa-TiOs mixture. 

5. Aerogel microbeads as claimed in claim 2. is 
Yvherein the oxida is an Si02*MgO mixture. 

6. A process for preparing the aerogels of one or 
more metal oxides claimed in claim 1, com- 
prising the following operations: 20 

- hydrotyzing at least one derivalivs of tfie 
metals of interest; 

- transforming the colloidal solution into sot 
droplets; 

- transforming the sol droplets Into gel pa^ 35 
tides; 

- washing the gel particles; 

- drying these latter under hypercritical 
cordftions. 

30 

7. A process for preparing aerogels of one or 
more metal oxides as claimed in the preceding 
claim, wherein the initial hydrolysis is effected 
on at least one metal alkoxida 

35 

& A process for preparing aerogels of one or 
more metaJ oxides as claimed in claim 6. 
wherein the Initial hydrolysis is effected on a 
mixture of alkoxides and haiides of tie metals 
of interest 4Q 



13. A process for preparing aerogels of one or 
more metal oxides as claimed In claim 9. 
characterised in that the drying under hyper- 
critical ocndftions is effected In the presence of 
an alcohol containing a small number of car- 
bon atoms. 

14. A process for preparing aerogels of one or 
more metal oxides as claimed In claim 9, 
characterised in lhat the drying under hyper- 
critical conditions is effected in the presence of 
cartoon dioxide. 



9. A process For preparing aerogels of one or 
more metal oxides as claimed in claim 6, 
whoroln tho InitiQl hydrolysis is effected in the 
presertOG of a catalyst chosen from aads, 4g 
bases and inorganic salts. 



10. A process for preparing aerogels of one or 
more metal oxides as claimed in the preceding 
claim, wherein the hydrolysis is effected in the so 
presence of a substance which favours the 
obtaining of tho desired porosity, this sub- 
stance being chosen from ethylene glycol 
dimethyifonmamide and oxalic acid. 

55 

11. A process for preparing aerogels of one or 
more metal oxides as claimed In claim 9. 
characterised in that the preliminary hydrdysis 
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